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use of particulate polymers as filter aids for aqueous liquids 

The present invention relates to the use of Peculate 
5 water-insoluble polymer preparations as filter aids for 

Iqueous liquids, and to a prooess for filtering aqueous liquids 
using these filter aids. 

Separating solid-liquid mixtures by filtration is an important 
10 process step in many industrial production P™™" ™ are 

particular when aqueous liquids are filtered, filter aids are 

frequently used. Filter aids are particulate, for example 

Elated, pulverulent or fibrous substa -a which, depending on 

the tvne and amount of solids present in the liquid to be 
15 filtered. maKe it possible for a filter caxe to build up or are 

intended to loosen this- 

The action of the filter aid is based on developing "pillaries 
In t^e filter cake which, firstly, are small enough to retain 

2 0 solids, but secondly are numerous enough in order tc , fac, aitate 
the outflow of the liquid phase. For this purpose the filter aid 
can be aoded to the suspension to be filtered (pulp, and/or the 
filt« aid can be applied before the filtration as an auxilliary 
layer on the filter surface (filter cloth,. In precoat 

25 filtration, for example before the start of filtration, a filter 
lie. Precoat is applied to a support surface (filter cloth, The 
filter aid is then added to the pulp, preferably continuously. 

Georg Thiemer Verlag Stuttgart, pp. 1357 ff. for the terms filter 
aid and filtration) . 

35 Obviously, the filter aids should be chemically inert and 

n^uble in the pulp to be filtered. In addition, under the 
: b pressure, they should not deform, so that the pores m 

the filter cake do not collapse. Furthermore, it is desrrable 
that the filter aids can be regenerated. 

40 The most customary filter aids, in addition to organic substances 
such as cellulose, wood charcoal and wood powder, comprise 
inorganic materials, in particular of silicate nature such as 
kieselguhr, pearlites, diatomaceous earths and bentonrtes. 

45 However these materials have the disadvantage that they cannot 
be regenerated and therefore must be disposed of. 
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in the drinks industry especially, there is a great requirement 
for filter aids for aqueous liquids, since fruit D uice drinks and 
fermented beverages such as beer are frequently subjected to 
filtration. A filter aid frequently used in the drinks industry 
5 is kieselguhr. In the production of beer, for example, from 150 
to 200 g of filter aid, in particular kieselguhr, are required 
per hi of beer. Since the filtering action of these filter axds 
decreases after a certain time, they must be removed and in the 
case of the non-regenerable filter aids, disposed of, which 
10 obviously is associated with high costs, in add-on, a 

carcinogenic action of the kieselguhr used in the drinks industry 
is currently a subject of discussion. 

There has therefore been no lack of attempts to provide synthetic 
15 filter aids. US 4,344,846, for example, describes the use of 
expanded polystyrene in precoat filtration. 

WO 96/35497 and EP 48309 describe filter aids for P^oat 
filtration which are based on spherical, 
20 for example polyvinylpyrrolidone or Nylon 1 , which form a filter 
cake having a porosity in the range from 0.3 to 0.5. 

EP-A 879629 describes filter aids which consist of a particulate 
or fibrous support and a hydrophobic coating applied thereon. 

" EP-A 177812 and EP-A 351363 disclose highly crosslinked, scarcely 
sellable, pulverulent polymers based on N -vinylpyrrolidone which 
can be used as filter aids. 

30 DE-A 19920944 describes insoluble, scarcely swellable popcorn 
polymers based cn styrene and H -vinyllactams . The use cf these 
popcorn polymers as filter aids is proposed. 

The synthetic filter aids based on polymers have an improved 
35 regenerability. However, their filtering action sometxmes leaves 
something to be desired. Some of the synthetic filter aids are 
again less suitable for precoat filtration of aqueous liquids, 
since they do not sediment in water, or only sediment poorly. 

40 It is an object of the present invention to provide filter aids 
for filtering aqueous liquids, which filter aids have a good 
filtering action and are suitable for precoat filtration In 
addition, good regenerability of the filter ards rs desrred. 



45 
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„ e have found that this object is achieved, surprisingly, by 
particulate polymer preparations that comprise a polymer P that 
Is made up of hydrophilic and hydrophobic polymer segments. 

5 T he present invention therefore relates to the use ^Particulate 
water-insoluble polymer preparations comprrsrng at least one 
polymer P that is essentially made up of hydrophrlxc polymer 
feints and hydrophobic polymer segments as filter ar^for 
.Bering agueous liguids in ^^^2,^ 

which is carried out by the method of precoat frltratron. 

s 15 ^^^j-s"^ by 

5 „ ,'ZZTlT Lentil repeat units. Hydrophobic polymer segments 
L 20 rrelccoroingiy polymer ^structures or polymer chains thaj : are 

a r r ii:r "Tni rs- _ 

P 25 ^^"n: s £ hydrophilic and hydrophobic polymer segments 
can be bound to one another by chemical bonds in the manner of. 

Sirsi-sss-w^" :::: :=: F- - 

hydrophobic polymer segments. 

For the inventive water insolubility it is advantageous if the 
35 proportion by weight of hydrophilic polymer segments does not 
exceed that of the hydrophobic polymer segments. Generally, 
therefore, the weight ratio of hydrophilic polymer segments to 
hydrophobic polymer segments in the polymer P is rn the range 
from!:! to 1 = 100, preferably in the range from 1 to 1.50, 
40 particularly preferably in the range from 1=3 to 1.20. 

= it has Droved to be expedient if the hydrophilic 

45 sulfonate or amino groups. Particularly preferably, the 

hydrophilic polymer segments have no ionic or ionogenrc groups. 
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n nonionic hydrophilic polymer segments are those that 

Examples of n ° n ^^ al * unsatura ted monomers having a water 
are made up of ^ 1 bar) , furthe r polyvinylalcohol 

solubility ab - e p ^ ly ^^ e nh a ins'. Examples of monomers having a 
5 nST^Sy'S^ g/1 are methyl acrylate, acrylamide, 

10 comparable monomers. 

= : block copolymers havxng a central poiypx^y 

g terminal polyethylene oxide segments. 

% , n Tf . has further proved to be advantageous if the hydrophilic 

5 20 s^ci. «-s n:r;^rcr^ru r lar 

* SSS 1 ^^*^'^ ^OO.'preferahly SO 000 

_ combined with one another. 

In a preferred ercbodiment of the invention, particulate polymers 

height, and in partioular from 30 to 80% by werght, of the EO/PO 
40 block copolymer. 
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polymer segments are essentially formed fro, vinylaromatic 
monomers A. 

carbon atoms, for example from 2 to 10 c ^ 

, sssr. ~ — : — * » 

S * „-me ">ylBtyrene »d styre n ^ 4 _ tert _ butyls t yre ne. 

3 Generally, the hydrophobic ^"^"ht and in particular 

Si 20 by weight, preferably less than 10. by weigh ■ ^ ^ e 

n one, of r ^S,TST^T-i*t. - * 

5 "looted ^ a ;^^^n io^ hy^niHc monomers, 

D 25 into consideration are the oopo lymeri Z able with 

d other ;::°Xnically unsaturaSd nitriles such as 

"rytonitrile Xl acrylate, .ethyl methacrylate or vinyl 

acetate . 

30 ,. ■ it has proved to be advantageous if the hydrophobic 

> In addition, it has or oved temperature above SO-C. 

polymer segments have a gla ^ preferably above 80°C. 

regard to a desired low compressibility of the p 

.„ itlon it has proved to be expedient if the particulate 
„ ol^PreparltionAave particle si.es less tha^l 
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conv entional -ner, * — ^ * ll9ht S " tterln9 ^ tY 
methods . 

Th e preparation of the ^ »^«^ r ^*S P « U »g on 
5 inventivexy is Known »^^t^! shredding and/or 
tne *-"» d J^j:^; expounded materials that comprise 
grinding polymers P and/o P ^ fay removinq the 

r^r^r^t u^r ^y, 

of the polymer > are used for drying. 

I 15 S^TST^- - -rsTispersion 

12 h ^ r ^ 0biC f m °r: r in U t £ presence of hydropic polymers as 

,, medium, preferably an the P* dispersions are obtarned, 

I surface-active substances. Se =™^f /„JL ared in a different 

Si 20 for example, by S^LSStio. or solvent-free 

manner, for example by solution p *» medium . Secondary 
K polymerization, in f^^^S-^in, a solution of the 

I" dispersions can also be P«pared y emulsi fying medium. 

POIY— ' in a " everted into'an agueous dispersion or 

Q 25 These solutions are then °° nve a suific ient 

^To^ter « - ^ " * "or 

' —iofs r then the organic * ^ SL, 

example can be distilled off, P^ e ™» preparlng the secondary 
' 30 applied, suitable organic solvents for P ^ ^ ^ 
h dispersion are those that ts ana whi ch can be 

9 containing hydrophilic and hydroph obic m ^ 

removed by distillation * * ^ hydrop hobic 
35 r^nts! STS = -ermfned b/a person sKilled in the art by 
means of simple rcutine experiments. 

f citable organic solvents are Cl -C,„ alkyl esters of 
Examples of suitable orga ace tic acid or propionic 

sliphatic n-butyl acetate, tert-butyl 

- :-rj=E r^^s=^. „ or 

- - ° r methyi ethyl 



ketone, and the like 

45 
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i.m.o-re, are then produced by removing the 
The particulate polymers are the P dispe rsions by 

volatile °<~ t -/"^ p ^ ti « lf for example by 
customary methods of powaer p coarse 
freeze-drying or by spray-drying, or, in 

5 suspensions, by filtration. 

Polymers P containin, hyarophilic se^ents^nd „ 
Z^ S ^j:Z^oi:XlT^ are Known from the prior -t 

10 or can be prepared by customary methods. 

Ft) r the ^late %Z2tX~ 

15 preparation methods described below: 

, rizina the hydrophilic monomer bnllding blocks in the 
20 preCce Xeast one hydrophobic polymer. 

.Ration by method i , 

method ii) can be P«*°™ e « ^ lyadditio n, polycondensation or a 
25 STS^S^: process, with the latter procedure 
generally being preferred. 

usually, to prepare the po^-;^ to say 

30 conditions are selected J-^^, 0 segments . In 

development of chemrcal bonds ^" ee " * preferably those 
th. case of polyaddition P™™;^^ * uncti0 nal groups 
polymers are used as a graft n base^ ^ ^ ^ ^ 
which can react with the mo preferably a procedure rs 

35 free-radical polymers ""°™ af * ing baS e used is a 

oc for this are known from the prior art. 
40 Processes tor tms 

S^bic m , s , ^ -n ff - = presence of a 

45 copolymers B whxch are dl " polymer P the 

re^t^rerrArhydrophobic segments are formed 
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by t he polarized the presence 

abovementioned hydrophobic monomers A are ™ac 
of a suitable hydrophilic polymer that preferably has 
abovementioned characteristics. 
5 i = of hvdrophilic polymers are therefore polyvinyl 

srr-.'X:. .... - 

O to the forming hydrophobic polymer chains. 

* - n : :EH== s : szsr - 

^ polymerization. 

£ n <-h*> free-radical polymerization is carried out in the 

Generally, the free radica customary for 

5 25 presence of polymenzat ^ ^^^^^ of free-radical 

ui«. In an -ount o £ V^V^T^ on 
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on the type of solvent used and on the type of monomers pressure 
vessels are employed to reach the polymerization temperature. 
However, frequently, operation at atmospheric pressure rs also 
possible . 

5 Tf the free-radical polymerization is carried out as solution 
polymerizatiL, the customary solvents come into considerate 
for this preferably the abovementioned solvents, such as 
diesters'of aliphatic carboxylic acids, for example dresters of 
10 acetic acid and/or diesters of propionrc acrd, aromatrc 
10 hydrocarbons or Ketones such as acetone or methyl ethyl Ketone. 
Solution polymerization in addition has the advantage that the 
resultant polymer solutions can be converted directly rnto 
aqueous dispersions of the resultant polymers, which themselves 
15 are preferred for preparing the polymer powders. 

The starting materials depend on the respective polymerization 
process, obviously in accordance with the desired composrtron, 
that is to say the type and amount of hydrophobrc monomer 

20 budding blocks correspond to the type and proportion by weight 
of "e hydrophobic polymer segments, and the type and amount of 
the hydrophilic polymers correspond to the type and amount of the 
hydrophilic polymer segments in the polymer P. 

i.t. oolvmers P to be used according to the invention 

" ^ d^inguished bHood filtration action and, in contrast to 

30 of aqueous liquids. 

The polymer preparations to be used according to the invention 
can consist solely of the polymer P. However, they can also 

. ■ = i f^it-pr aids. The content of these 
comprise other — f ^ X - exceed 80% by weight, 
" rrefrrablylo: ^y weight of the total amount of polymer P and 
conventional filter aid. 

f . na1 filter aids are selected from the abovementioned 
„ iUrtrfUterTids and the polymeric filter aids. Preference is 
■ „ fntor airU such as crosslmkea 
ZT^C^^ZXreZs or polyamides. xn a preferred 
Sediment! the polymer preparations to be used comprrse: 



45 



M/41371 



BASF Aktie^sellschaft 20000327 ^Z. 0050/52034 

10 

a. from 10 to 95% by weight, in particular from 15 to 80% by 

weight, particularly preferably from 25 to 70% by weight, of 
at least one polymer P, and 

5 b from 90 to 5% by weight, in particular from 85 to 20% by 

weight, particularly preferably from 30 to 75% by wexght, of 
at least one further conventional filter aid. 

Preferred conventional filter aids for these uses are selected 
10 from synthetic filter aids based on organic polymers, in 
particular based on styrene polymers and/or polyamides. 

The term "styrene polymer" is to be taken to mean the entire 
group of "styrene homopolymers and copolymers", as Ascribed in 
15 a Aechte; Handbuch der technischen Polymerchemie [Handbook of 
k t industrial Polymer Chemistry], VCH Weinheim 1993. This definition 

>S includes both homopoly styrene and copolymers of styrene, in 

S particular with acrylonitrile , maleic anhydride, with acrylate 

U and similar comonomers, and their rubber-modified or toughened 

W 20 derivatives. Suitable polyamides include, in particular, 
J Nylon 12. 

L The present invention also relates to a process for filtering 

m aqu eous liquids, in particular to a process which is carried out 

£ 25 by the method of precoat filtration. Owing to their chemical 
§ inertness, the polymer powders to be used according to the 

P invention are suitable in particular for use in the food 

H= industry, for example for filtering fruit juice drinks and 

fermented beverages. Owing to their good filtration action, the 
30 polymer powders to be used according to the invention are 

particularly suitable for filtering beer. 

1 The filtration processes can be carried out in a similar manner 

to the filtration methods of the prior art described at the 
35 outset using the above-described polymer powders as filter aids. 

in the case of precoat filtration, generally, before the start of 
filtration, a precoat of the polymer powders to ^ -ed according 
to the invention are applied to a support 
40 The liquid to be filtered is then passed through the filter layer 
by applying a pressure difference, with further polymer powder to 
be used according to the invention preferably being added as 
filter aid to the liquid to be filtered during the filtration 
operation . 

45 
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The following examples are intended to describe the invention in 
more detail, but without restricting it thereto. 

I. Preparation of polymers having hydrophilic and hydrophobic 
5 segments (polymers Pi, P2 and P3 ) : 

in a reaction vessel, styrene, a polyether (triblock E0/P0/E0 
polymer) and ethyl acetate as solvent are dissolved. The reaction 
vessel is inertized, heated to 78°C and then tert-butyl 
10 perpivalate is added as initiator. Polymerization is earned out 
for 2 h, with the temperature being maintained, and the mixture 
is then cooled to room temperature. The resultant polymer 
solutions are further processed to produce the polymer powders. 
The starting materials are specified in table 1. 



15 



Table 1 



Polymer 


Styrene 

[g] 


Polyether 1 ) 

[g] 


Ethyl acetate 

[g] 


Pi 


40 


10 


50 


P2 


45 


5 


50 


P3 


400 


40 


200 



25 



i) triblock copolymer of ethylene oxide/propylene oxide /ethylene 
oxide having a content by weight of polypropylene oxide of 
60% and a number average M n of 4 600 daltons. 



II. 



Production of the polymer preparation (powders FHl to FH4) 

30 The polymer solutions from I are dissolved, with or without 

polystyrene, in 360 g of ethyl acetate. 360 g of water are then 
added to this solution. The mixture is then concentrated under 
reduced pressure to about half the volume. This produces an 
aqueous suspension which is filtered and washed with water. The 

35 filter residue is then obtained. This produces a free-flowing 
powder that consists of small polymer beads having diameters in 
the range from 5 to 500 \aa. 



The starting materials of this reaction are 



described in table 2. 



Filter aid 


Polymer P 
type [g] 


Polystyrene 1 

[g] 


FHl 


PI 


40 


40 


FH2 


P2 


80 


0 


FH3 


P3 


120 


60 
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FH5 



FH6 



P3 



P3 



5 i) polystyrene type 168 N (BASF AG) 
III. Application-oriented testing 

III.l sedimentation in water 
10 sedimentation was determined visually. For this an aliquot of 

is rated as positive. 
15 Table 3: Sedimentation in water 



Filter aid 



polystyrene 1 (C) 



polyamide 2 



(C) 



Kieselguhr 



(C) 



FH5 
FH6 



Sedimentation 
in water 



yes 



yes 



yes 



yes 



yes 



yes 



30 c = comparison , 

1, Polystyrene 158 K, cold-milled and Sieved 

2, sylon 12, Vestosint type 1611 from Degussa-Huls 

~ vo , confirms the good sedimentation of the inventive filter 
3 5 Ifds and r hu r:heir suitability for preooat filtration of agueous 
liquids . 



III. 2 Filtration of a standard haze solution 



rr-rirr, S r.- .sr^£=., «... ■ 
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flow of 5 1, 10 1 and 15 1 through the filter the haze was 
determined by the EBC method. The filtrate is considered to be 
clear if the EBC value is less than 1. Alternatively, the EBC 
value can also be determined by determining the nephelometric 
5 haze (FNU value), where 1 EBC = 4 FNU. The results are reported 
in table 4 . 

During the entire investigation, both precoat pressure and 
filtration rate remained constant, which verifies the 
10 advantageous properties of the inventive filter aids (high 
service life) . 

The haze is determined by the standard EBC (European Brewery 
Convention) test. A liquid is judged to be clear when the EBC 
15 haze values are < 1 . 

The studies below were carried out with the polymer powders FH4 
to FH6 from II. 



20 Table 4 



Sample: 


FH4 


FH5 


FH6 


EBC haze after passage 
of 








5 1 


4.05 


1.88 


0.88 


10 1 


2 .99 


0.50 


0.35 


15 1 


0.32 


0.33 


0.18 



35 



40 



45 
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